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THE VITAL EQUILIBRIUM AND THE NERVOUS 
SYSTEM. 

Ir is noticeable that there has been a ten- 
dency on the part of our most thoughtful 
working biologists, especially such as are 
equally equipped for the philosophical and 
biological aspects of cellular biology, to seek 
some avenue of return to the vitalistic point 
of view. It has become suficiently plain 
that the most conspicuous triumphs of his- 
tology, even in the domain of cytology, have 
rather reduced than increased the prob- 
ability of securing an explanation of vital 
phenomena and specific heredity and in- 
tegrity from the study of structure alone. 
A strong tendency is visible toward a 
dynamic point of view. We believe that a 
consistant application of a dynamic hypoth- 
esis is destined to prepare the way for 
greater advances, not only in interpretation, 
but also in practical applications of biolog- 
ical principles. When we come to regard 
the visible structural data of histology as 
expressions of dynamic processes rather 
than the causes of these processes, and 
when we have agreed to apply other criteria 
than that offered by materialism to the 
phenomena of heredity, we may be able to 
shake ourselves free of preconceptions that 
have done much to retard the normal de- 
velopment of both biology and psychology. 
It is true that a strong prejudice exists 
against the dynamic method because of the 
belief that it tends to limit research and 
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thus deprives science of its necessary foot- 
ing upon observation. If the criticism be 
just as applied to those who have sought to 
escape from the crudities and limitations of 
materialistic theories, it certainly should be 
recognized that there is no reason why the 
believer in dynamism should not scrutinize 
the pictures presented by histology as care- 
fully as his colleague who ascribes to matter 
all the phenomena that science recognizes 
in cellular biology. In fact, the dynamist 
should have greater interest in the details 
of such appearances, for he may believe that 
every curve must be the function of a dy- 
namic problem and that every change is the 
resultant of the composition of forces which 
are the very realities with which he has to do. 

In no field have the results of too implicit 
reliance on the structural categories worked 
more plainly to retard progress than in 
neurology. It seems to be assumed that 
after nervous mechanisms were differenti- 
ated in the animal kingdom all other parts 
of the body at once and forever lost their 
original quota of what may be termed the 
power of vital equilibrium. When the pre- 
eminent adaptation of the nervous system 
to the function of correlation was recognized 
it was not unnatural that the inherent ten- 


‘dency to vital coordination on which the 


coherence of the body depends during its 
entir: life should be minimized or ignored. 
Especially when the application of the 
methylen blue and silver impregnation re- 
vealed a hitherto unexpected wealth of 
nervous connections, it was natural to 
think of the body as linked together by a 
complete nervous mechanism to such an 
extent that all coordinations are dependent 
on the persistence of the nervous contin- 
uum. Even admitting the practical ubiq- 
uity of nervous elements within the body, 
sundry curious coordinations remain to be 
explained apart from any known basis of 
nervous control. It may suffice to mention 
the following: It is evident that during 


SCIENCE. 





[N. 8. Vou. VII. No. 181. 


the embryonic stages of higher animals, as 
well as throughout the life of many lower 
forms, a very complete and active coordi- 
nation and trophic equilibrium exists, which 
suffices to superintend the structural differ- 
entiation and for the maintenance of the 
body under circumstances where nervous 
influence as such is excluded. Again, the 
wandering cells and blood corpuscles, and 
probably part at least of the chromatophores, 
are certainly coordinated under vital con- 
trol, though not under direct or permanent 
nervous influence. Lastly, the vegetable 
kingdom furnishes us with structures 
scarcely less complicated than those of 
higher animals, but, in spite of the high de- 
gree of specialization and individuality and 
the perfection of the correlation of part with 
part, nothing analogous to a nervous sys- 
tem has been discovered. Yet in plants 
there is a remarkable condensation of the 
characters of the individual in every individ- 
ual part, in so much that the smallest frag- 
ment of one of the Bryophyta may reproduce 
a new individual. These commonplaces of 
biology are cited to illustrate the fact that the 
body of a plant or animal may be very com- 
pletely coordinated, and each part may be 
stamped in some way with the influence of 
the whole body without the necessary par- 
ticipation of the nervous mechanism. 

On the other hand, we have the best of 
evidence that all nervous action is trophic, 
and that processes going on in extra-neural 
tissues are influenced by nerve currents, and 
that neural equilibrium is also influenced 
by the somatic-vital processes of cells among 
which the termini of nervous arborizations 
ramify. The conclusion is apparently war- 
ranted that while the nervous system is, in 
@ sense, super-added upon a self-sufficient 
somatic equilibrium-system, and, accord- 
ingly, the higher nervous processes are, from 
the stand-point of the body, epiphenomena, 
yet there is no sharp line of demarkation 
between them and the somatic forces. 
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The search for the structural evidence for 
such coordination cannot be said to have 
been very successful, though the statements 
of numerous observers respecting ‘inter- 
cellular bridges’ and other means of com- 
munication have served to keep alive a 
spirit of expectancy. It is the purpose of 
this paper to offer an illustration of a struc- 
tural basis for vital or somatic coordination 
which seems, so far as a cursory glance at 
the literature enables me to judge, not to 
have received any adequate interpretation. 
It may be said in advance that the prevail- 
ing idea that the body is made up of close 
ranks of cells set immovably in tissue as 
stones are cemented in a wall is applicable 
to comparatively few parts of the body. 
Any one who has observed the structure of 
the embryonic body, say of a vertebrate, 
must have been struck with the fact that 
the interspaces between the embryonic tis- 
sue are wonderfully permeable to the in- 
vasion of proliferating and migrating cells 
of all kinds, so that the developing nerve, 
for example, has no difficulty in reaching 
its destination as it grows by’ progressive 
proliferations at its tip. In the adult the 
brain offers an illustration of a similar per- 
meability, and the effectiveness of the organ 
depends, in no small degree, upon the fact 
that nutriment-bearing cells make their 
way with great freedom among the neural 
elements. There can be no doubt that the 
brain cells are undergoing constant renewal, 
and it is now admitted that the degenera- 
tions observed in the cortex of paralytics 
can be duplicated in kind in the relatively 
normal brain. 

Our own present illustrations are derived 
from the preparations of the skin of the 
axolotl and the horned toad, two subjects 
sufficiently different from each other to war- 
rant us in believing that structures found 
in both are present quite generally, a least 
within the two classes they represent. The 
skin of the Amphibia has been so exten- 
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sively studied that it may appear incredi- 
ble that conspicuous structures should have 
escaped notice, but even should the details 
not prove entirely new the illustration is an 
apt one for my present purpose.* 





Fia. 1. Section through skin of axolotl hardened 
in Merkel solution 4, stained with picrocarmine and 
hematoxylin. Nerve fibres, passing through the 
corium, enter a plexus demonstrable by methylen 
blue, and non-medullated fibres ascend to attach 
themselves to the naked intercellular protoblasts 
which support the coarse reticulum... One Leydig 
cell is not cut by the section and over its surface the 
meshes are entire ; in other cases only the cut ends 
are shown by focusing at different depths. 


It happened that in the search for a his- 
tological method for the study of the cyto- 
plasm various modifications of the chromic 
and osmic acid fixers were employed, and it 
was noticed that certain combinations of 
chrom-acetic and platinic chloride, when di- 
luted with alcohol, gave remarkably fine 
fixation of protoplasmic structures without 
impairing their susceptibility to stains to 
the extent that osmic acid preparation no- 
toriously does. After-treatment with he- 
matoxylin and either fuchsin, or, still better, 
picrocarmine gave exceedingly distinct con- 
trast stains. The protoplasmic structures 


*They have been seen, as indicated beyond, but 
wrongly interpreted. 
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take on a deep red color, as do the nerve 
fibres and connective elements, and this 
contrasts finely with the deep but transpa- 
rent purple of the nucleary structures. In 
such specimens we were gratified to find 
that the two distinct elements in the skin 
are clearly differentiated. The large (Ley- 
dig) cells are perfectly fixed, the cytoplasm 
displaying a complete vesicular structure, 
such as an examination during life under 
favorable circumstances sometimes reveals. 
Nucleary figures are clearly marked and 
shrinkage seems almost absent. The an- 
tagonistic effect of chromic acid and alcohol 
in the presence of a rapid fixer like platinic 
chloride seems here to have proved of great 
advantage. Compared with the best prep- 
arations by Flemming’s method the latter 
appears at a great disadvantage because of 
shrinkage phenomena. The later method, 


however, is a valuable check because by it 
the contents of the cytoplasmic vesicles are 


demonstrated as dark globules, giving rise 
to the familiar coarsely granular appearance 
and giving evidence of a chemical differ- 
ence between the vesicles and their con- 
tents. But sufficiently good specimens by 
either method, but especially such as were 
prepared by the alcohol modification of 
Merkel’s fluid, showed that every individual 
cell of the larger series is wrapped in a deli- 
cate protoplasmic network which can be re- 
solved into processes from protoblasts occu- 
pying the interstices among the Leydig cells. 
Often the meshwork can be traced from one 
cell over its neighbor, and there can be no 

‘ doubt that the processes from separate pro- 
toblasts unite to form the general reticulum. 
It is also true that the protoblasts lie in all 
parts of the epithelial layer, both ectad and 
entad of the Leydig cells. 

As already mentioned, this reticulum 
has been noticed by Paulicki in the Archv. 
f. mikroscopische Anatomie, Vol. XXTV., 
1884, but in the paper referred to the ma- 

ial had evidently been greatly shrunken, 
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and as the result it appeared as finer, shriy- 
eled network, and the absence of double 
staining may have failed to reveal its pro- 
toplasmic nature. The author, although 
his drawings show the fibres embracing the 
Leydig cells and passing from one to the 
other, describes them as varicosities on the 
wall! Such a view is quite impossible after 
an examination of the specimens. It might 
be suggested that the naked protoplasmic 
network is simply a part of a continuous 
film covering these cells, and this possibly 
may be the case during the life of the tis- 
sues, though we incline to the belief that 
the reticular structure is rather the expres- 
sion of streaming notions. 

The variability in the size of the meshes 
speaks for the latter view, as do the distor- 
tions in parts of the skin that were folded 
or stretched during hardening. The. mesh- 
work is most pronounced in thicker parts 
of the skin, especially along the sides and 
back. Whether it is the function of this 
reticulum to supply nourishment to the large 
extra-vascular (Leydig) cells, or to afford 
the basis for a more direct coordination 
than would otherwise be possible, it would, 
in either case, remain true that trophic in- 
fluence over the less plastic cells would be 
an essential part of its function.* 

* Both Fitzinger and Paulicki (Arch. f. mik. Anat. 
Band XXIV., 2.) describe these bands as thickened 
ridges or varicosities of the walls of Leydig’s cells, 
and the former even goes so far as to suggest that 
these ‘rib-like thickenings of the cell-membrane 
serve for attachment of the intercellular bridges.’ 
Paulicki says ‘it may be assured that this meshwork 
is occasioned by a rib-like partial thickening of the 
cell-membrane,’ though he mentioned that the meshes 
stain like the protoplasm. It is not strange that the 
methods and optic aids then at disposal should per- 
mit an error of this kind, but it is peculiar that the 
same writer should go on to say that he ‘ observed 
that a continuous frame-work extended over numer- 
ous Leydig’s cells’ and that similar meshes continued 
to adjacent epithelial cells. He also noticed, without 
discovering its significance, the fact that the epithe- 
lium cells are without walls, that is, are‘ protoblasts.’ 
In our specimens it is possible to find appearances 
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It is, in any case, of the highest impor- 
tance to determine the réle played by the 
nerves in this connection. In sections 
stained with hematoxylin and picrocarmine 
there is no difficulty in tracing the nerve 
fibres through the corium, for these fibres 
are medullated and stain conspicuously, but 
in the layer of chromatophores below the 
epithelium the fibres lose their sheaths and 
seem to blend with the bases of the proto- 
blasts, giving rise to the meshwork just de- 
scribed. The fibres can often be traced to 
the immediate vicinity of the nuclei of these 
cells, but because of the lack of contrast be- 
tween the protoplasm of the cells and the 
nerve fibres it is difficult to determine their 
respective limits. Methylen blue prepara- 
tion stained intra vitam, in which only the 
nerve fibres are selectively impregnated, en- 
able one to trace the medulated nerve fibres 
through the corium and into a subepithelial 
network, or in some cases into cells resem- 
bling small non-pigmented chromatophores, 
but which may be ganglion cells of the 
plexus. From the plexus, non-medullated 
fibres rise into the vicinity of the nuclei of 
the protoblasts and appear to end in knobs 
as described by Bethe. The results of the 
methylen blue method are to be interpreted 
with caution, but there can be no doubt 
that the opportunity for nervous control 
over the reticulum or pericellular network 
is most complete and extensive. The nerve 
plexus entad of the corium is most distinctly 
stained in methylen blue preparations and 
is of exquisite delicacy and supplies the 
fibres to the blood vessels and chromato- 
phores. 

An entirely different type of nerve ending 
is found in the skin of the head. The sense 
buds give with methylen blue the usual ap- 


like those figured by Paulicki, but we also find in- 
stances where the meshes of the network are broad 
bands rather than rib-like bodies and their continuity 
with the epithelium cell-protoplasm is perfectly ob- 
vious. 
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pearance of a perigemmular set of fibres, 
but it seems to us that there is too great 
haste apparent on the part of those who 
have abandoned the classical results of 
strictly histological methods which have 
demonstrated an entirely different type of 
intragemmal endings. It is customary at 
present to deny the ending of peripheral 
nerves in cells on principle, except in the 
case of the olfactory nerves. To be con- 
sistent, the same objections would prevent 
us from recognizing the olfactory cells as 
true cellular endings for the theoretical 
considerations which have led authors to 
set apart the olfactory nerve as distinct and 
different from other sensory nerves are, it 
is believed, based on false premises. In 
fact, the olfactory nerve is simply a per- 
sistent embryonic nerve, and its fibres are, 
like the early stages of all nerves, monili- 
form series of cells which have proliferated 
from a common source. Each segment of 
an ordinary nerve fibre is shown by embry- 
onic and pathological evidence to be derived 
from a neuroblast united to its neighbors at 
either extremity. The nuclei of the sheath 
of Schwann are morphologically the nuclei 
of the neuroblasts which are represented in 
the segments to which they belong. In the 
second type of nerve endings it is possible 
to take either one or two alternatives. 
Either the terminal cell is an independent 
neurocyte developed in situ, or it is a some- 
what differentiated segment of the nerve 
itself. There are some reasons for accept- 
ing the latter alternative in the present 
ease. Such endings are best seen in the 
skin of the head of the tree-frog. Here it 
is easy to trace the nerves through the 
corium in bundles of three or more, and the 
fibres pass without interruption through 
the chromatophore-layer and lie in a special 
cavity of the skin in such a way that their 
tips end free in a pore connecting with the 
exterior. 

The terminal portion is continuous with 
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the medulated fibre which preserves its 
sheath up to the point where its large nu- 
cleus appears. The latter occupies the lu- 
men and is quite conspicuous, while ectad 
of it the fibre is reduced to a sensory rod 
with small rigid styles or cilia at the apex. 
Such termini are quite generally distributed 
over the skin of the head and take the place 
of the buds found in other types. The 
double staining is exceptionally good, and 
teased preparations produced by pressure 
on the cover glass permit the isolation of 
the termini and their study under immersion 
lenses. It seems probable that the differ- 
ences of opinion which still prevail in this 
matter are the result of the partial results of 
the different methods, and that the truth 
will be reached by an intelligent employ- 
mentof the data from them all. In con- 
clusion the writer desires to acknowldgee 
the substantial assistance rendered, espe- 
cially in the laboratory manipulation on 


which this paper is based, by his friend Mr. 
G. E. Coghill, in collaboration with whom 
a more detailed report of the histological 
processes and results may be expected in 
the Journal of Comparative Neurology at no 
distant date. 


C. L. Herrick. 
UNIVERSITY OF NEW MEXICO. 


SOME EXPERIMENTS ON ANIMAL INTELLI- 
GENCE. 
THE results of a recent investigation on 
animal intelligence, the details of which are 
, about to be published,* seem to be of suffi- 
cient general interest to deserve an inde- 
pendent statement here. The experiments 
were upon the intelligent acts and habits of 
a@ considerable number of dogs, cats and 
chicks. The method was to put the animals 
when hungry in enclosures from which they 
could escape (and so obtain food) by oper- 
* Animal Intelligence ; An Experimental Study of 
the Associative Processes in Animals ; Psychological 
Review, Supplement No. 8. 
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ating some simple mechanism, e. g., by turn- 
ing a wooden button that held the door, pull- 
ing a loop attached to the bolt, or pressing 
down a lever. Thus one readily sees what 
sort of things the animals can learn to do 
and just how they learn todo them. Not. 
only were the actions of the animals in 
effecting escape observed, but also in every 
case an accurate record was kept of the 
times taken to escape in the successive 
trials. The first time that a cat is put into 
such an enclosure, some minutes generally 
elapse before its instinctive struggles hit 
upon the proper movement, while after 
enough trials it will make the right move- 
ment immediately upon being put in the 
box. The time records show exactly the 
method and rate of progress from the former 
to the latter condition of affairs. A graphic 
representation of the history of six kittens 
that learned to get out of a box 20x 15x 12 
inches, the door of which opened when a 
wooden button 34 inches long, { inch wide, 
was turned, is found in the curves in Figure 
1. These curves are formed by joining the 
tops of perpendiculars erected along the 
abscissa at intervals of 1 mm. Each per- 
pendicular represents one trial in the box; 
its height represents the time taken by the 
animal to escape, every 1 mm. equalling 
10 seconds. A break in the curve means 
that in the trials it stands for, the animal 
failed in ten minutes to escape. Short per- 
pendiculars below the abscissa mark inter- 
vals of twenty-four hours between trials. 
Longer intervals are designated by figures 
for the number of days or hours. The 
small curves at the right of the main ones 
are, as the figures beneath them show, 
records of the skill of the animal after a 
very long interval without practice. This 
process of associating a certain act with a 
certain situation is the type of all the intelli- 
gent performances of animals, and by thus 
recording the progress of a lot of animals, 
each in forming a lot of each kind of associa- 
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tion, one gets a quantitative estimate of 
what animals can learn and how they learn 
it. 

What happens in all these cases is this : 
The animal on being put into the box, and 
so confronted with the situation ‘ confine- 
ment with food outside,’ bursts forth into 
the instinctive activities which have in the 
course of nature been connected with such 
a situation. It tries to squeeze through any 
openings, claws and bites at the walls con- 
fining it, puts its paws through and claws 
at things outside trying to pull itself out. 
It may rush around, doing all this with 
extraordinary vehemence and persistence. 
If these impulsive activities fail to include 


any movement which succeeds in opening | 


the door, the animal finally stops them and 
remains quietly in the box. If in their 


course the animal does accidentally work 
the mechanism (claw the button round, for 
instance), and thus win freedom and food, 


the resulting pleasure will stamp in the act, 
and when again put in the box the animal 
will be likely to do it sooner. This con- 
tinues; all the squeezings and bitings and 
clawings which do not hit the vital point 
of the mechanism, and so do not result in 
any pleasure, get stamped out, while the 
particular impulse, which made the sucess- 
ful clawing or biting, gets stamped in, until 
finally it alone is connected with the sense- 
impression of the box’s interior, and it is 
done at once when the animal is shut in. 
The starting point for the formation of any 
association is the fund of instinctive re- 
‘actions. Whether or not in any case the 
necessary act will be learned depends on 
the possibility that in the course of these 
reactions the animal will accidentally per- 
form it. The progress from accidental per- 
formance to regular, immediate, habitual 
performance depends on the inhibiting 
power of effort without pleasure and the 
strengthening by pleasure of any impulse 
that leads to it. 
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Although it was of the utmost importance 
to them to get out of the various boxes and 
was, therefore, certain that they would use 
to the full all their mental powers, none 
of the animals gave any sign of the posses- 
sion of powers of inference, comparison or 
generalization. Moreover, certain of the 
experiments seem to take the ground from 
beneath the feet of those who credit reason 
to animals. For it was found that acts 
(e. g., opening doors by depressing thumb- 
latches and turning buttons) which these 
theorizers have declared incapable of per- 
formance by mere accident certainly can be 
so done. It is, therefore, unnecessary to in- 
voke reasoning to account for these and 
similar successes with mechanical con- 
trivances, and the argument based on them 
falls to the ground. Moreover, besides de- 
stroying the value of the evidence which 
has been offered for the presence of reason 
in animals, the time-records give us posi- 
tive evidence that the subjects of these 
experiments could not reason. For the 
slopes of the curves are gradual. Surely ifa 
cat made the movement from an inference 
that it would open the door, it ought, when 
again put in, to make the movement im- 
mediately. If its first success was due to an 
inference, all trials after the first should 
take a minimum time. And if there were 
any slightest rudiment of a reasoning fac- 
ulty, even if no real power of inference, the 
cat ought at least sometime, in the course 
of ten or twenty successful trials, to realize 
that turning that button means getting out, 
and thenceforth make the movement from 
a decision, not a mere impulse. There 
ought, that is, to be a sudden change from 
the long, irregular times of impulsive ac- 
tivity to a regular minimum time. The 
change is as a fact very gradual. 

Finally, experiments made in another 
connection show that these animals could 
not learn to perform even the simplest acts 
by seeing another do them or by being put: 
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through them by the experimenter. They 
were thus unable to infer that since another 
by pulling a string obtained fish, they 
might, or that since fish were gained when 
I pushed round a bar with their paws it 
would be gained if they pushed it round 
themselves. 

Experiments were made on imitation by 
giving the animals a chance to see one of 
their fellows escape by clawing down a 
string stretched across the box, and then 
putting them in the same box alone. It 
was found that, no matter how many times 
they saw the act done, they could not 
thereby learn anything which their own 
impulsive activity had failed to teach them, 
and did not learn any more quickly what 
they would have sooner or later learned by 
themselves. One important consequence of 
these results is the resulting differentiation 
of the Primates from the other orders of 
mammals. If the Primates do imitate and 
the rest do not, we have located a definite 


step in the evolution of mind and given a 
new meaning to the line of human ancestry. 
I do not, however, hold that these results 
eliminate the possibility of an incipient 
faculty of imitation among mammals in 


general. They do deny the advisability of 
presupposing it without proof, and emphat- 
ically deny its presence in anything equiva- 
lent to the human form. Finally many 
actions which seem due to imitation may 
be modifications of some single instinct, 
such as that of following. 

Perhaps the most vaiuable of the experi- 
ments were those which differentiate the 
process of association in animals from the 
ordinary ‘ association by contiguity’ of hu- 
man psychology. A man, if ina room from 
which he wishes to get out, may think of 
being outside, think of how he once opened 
the door, and accordingly go turn the knob 
and pull the door open. The thought of 
opening the door is sufficient to arouse the 
act of opening the door, and in most human 
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association-series the thoughts are the es- 
sential and sufficient factors. It has been 
supposed that the same held true of ani- 
mals, that if the thought of doing a thing 
were present an impulse to do it would be 
readily supplied from a general stock. Such 
is not the case. None of these animals could 
form an association leading to an act unless there 
was included in the association an impulse of its 
own which led to the act. Thus cats who had 
been induced to crawl into a box as the 
first element in a pleasurable association- 
series soon acquired the habit of crawling 
in of their own accord, while cats who had 
been dropped in did not. In the second 
case the idea of being in would be present as 
strongly as in the first, but the particular 
impulse to goin was not. So also cats who 
failed of waemselves to learn certain acts 
could not be taught to do them by being 
put through them, while cats who were 
thus put through acts which accident would 
of itself alone have taught them, learned 
them no more quickly and often made the 
movement in a way quite different from 
that which they were shown. Their as- 
sociations are not primarily associations of 
ideas with ideas, but associations of sense- 
impressions and ideas with impulses to acts, 
muscular innervations. The impulse, the in- 
nervation, is the essential. 

This does not mean that the animals can 
have no representations or images at all. 
Another set of experiments show that they 
probably can. It means that they have no 
stock of free-floating impulses which can 
be called on at will; that the elements of 
their associations occur chiefly just in their 
particular connections; that their ideational 
life consists not of a multitude of separate 
ideas, but of a number of specific connec- 
tions between ideas and impulses. 

Having thus denied that animal associa- 
tion is homologous with human association, . 
as the latter is ordinarily conceived, we 
find the true homologue of animal associa- 
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tion in the mental process involved when a 
man learns to play tennis or billiards or to 
swim. Both contain sense-impressions, im- 
pulses, acts, and possibly representations. 
Both are learned gradually. Such human 
associations cannot be formed by imitation 
or by being put through the movement. 
Nor do its elements have any independent 
existence in a life of free ideas apart 
from their place in the associations. No 
tennis player’s stream of thought is filled 
with representations of the tens of thous- 
ands of sights he has seen or movements 
he has made on the tennis-court, though 
his whole attention was on them at the 
tie. 

The great step in the evolution of human 
intellection is then not a jump to reason 
through language, but a change from a 
consciousness which equals a lot of specific 
connections to a consciousness which in- 
cludes a multitude of free ideas. This is 
the prerequisite of all the human advance. 
Once get free ideas in abundance, and com- 
parison, feelings of transition or relation, 
abstractions and ‘ meanings’ of all sorts 
may emerge. In this respect, as in imita- 
tion, the monkeys bear the marks of their 
relationship. 

Besides the experiments resulting in this 
new analysis of the mental processes of 
animals, others were made to discover the 
delicacy, complexity, number and perma- 
nence of their associations. It was found 
that naturally they discriminate very little, 
that what they react to is a vague, unana- 
" lyzed total situation. Thus, cats that had 
learned to climb up the front of a cage on 
hearing the words, ‘I must feed those 
cats,’ would climb up just as readily if you 
said, ‘ What time is it?’ or any short sen- 
tence. By associating only the right re- 
action with pleasure, however, you can 
render the association delicate to any de- 
gree consistent with their sense powers. 
For instance, a cat was taken that was just 
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beginning to form the association between 
the words, ‘I must feed those cats,’ and 
the act of climbing up the front of the cage 
(after she climbed up she was given a bit 
of fish). She was now given a lot of trials, 
some as just described, some with the sig- 
nal changed to, ‘I will not feed them.’ At 
these trials she got no fish. The purpose 
was to see how many trials would be re- 
quired before she would learn always to 
climb up at the “I must feed’’ and always 
stay down at the “I will not.” The two 
sorts of trials were mixed indiscriminately. 
60 of the ‘‘I must feed” ’s were, in addi- 
tion to its previous training, enough to 
make the proper reaction to it inevitable. 
380 of the ‘I will not’’s were required 
before perfect discrimination between it and 
the former signal was attained. 

It was found that complex associations 
(such, e.g., as the way to escape from a box 
where the door fell open only after a plat- 
form had been pushed down, a string clawed 
and a bar turned around) were very slowly 
formed and never really formed at all. 
That is, the animals did not get so that they 
went through the several acts in a regular 
order and without repeating uselessly one 
element. In respect to delicacy and com- 
plexity, then, we see a tremendous differ- 
ence between association in animals and as- 
sociation in man. 

Equally great is the difference in num- 
ber. A practised billiard player has more 
associations due to just this one pastime 
than a dog has for his whole life’s activity. 
The increase in the number of associations 
is a sign, and very likely a cause, of the ad- 
vance to a life of free ideas. Yet, small as 
it is, in comparison with our own, the num- 
ber of associations which an animal may 
acquire is probably much larger than pre- 
vious writers have fancied. 

A great many experiments were made on 
the permanence of associations after from 
10 to 70 days. Samples of the results will 
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be found in the figure given. What an 
animal once acquires is long in being lost, 
and this power of retention thus renders 
the power of acquisition a big factor in the 
struggle for existence. But these experi- 
ments give better information than this 
quantitative estimate of the value of past 
experience, for they demonstrate conclu- 
sively that the animals have no real mem- 
ory. The cat or dog that is put into a box 
from which he has escaped thirty or forty 
times, after an interval of fifty days without 
any experience with it, will escape quicker 
than he did in his first experience and will 
reach a perfect mastery of the association 
in much fewer trials. than he did before, but 
he will reach it gradually. If he had true 
memory he would, when put in the box 
after the interval, after a while think, “‘ Oh, 
yes! pulling this string let me out,’’ and 
thenceforth would pull the string as soon as 
dropped in the box. In the case of genuine 
memory you either know a thing and do it 
or forget it utterly and fai) to do it at all. 
So with a man recalling the combination to 
a safe, for instance. But the memory of 
the animal is only that of a billiard player 
who hasn’t played for a long interval and 
who gradually recovers his skill. No bil- 
liard player keeps thinking, ‘‘ Two years 
ago I hit a ball placed like this in such and 
such a way.” And the cat or dog does not 
think, ‘‘ When I was in this box before, I 
got out by pulling that string.’”’ Not only 
the gradual recovery of skill, but also the 
actions of the animal show this. In case 
of an association only partially permanent 
the animal claws around the vital spot, or 
claws feebly and intermittently, or varies 
its attacks on the loop or what not, by in- 
stinctive bitings and squeezings. Memory 
in animals is permanence of associations, 
not conscious realization that a certain 
event or sequence occurred in the past. 

So much for some of the experiments 
and what theoretical consequences they 
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seem directly to involve. The general 
view which the entire investigation has 
forced upon me is that animals do not 
think about things at all, that consciousness 
is for them always consciousness in its first 
intention, ‘pure experience,’ as Lloyd 
Morgan says. They feel all their sense- 
impressions as we feel the sky and water 
and movements of our body when swim- 
ming. They see the thumb-latch as the 
ball-player sees the ball speeding toward 
him. They depress the thumb-piece, not 
because they think about the act, but just 
because they feel like doing so. And so 
their mental life never gets beyond the 
limits of the least noticeable sort of human 
intellection. Conception, inference, judg- 


ment, memory, self-consciousness, social 


consciousness, imagination, association and 
perception, in the common acceptation of 
the terms, are all absent from the animal 
mind. Animal intellection is made up of 
a lot of specific connections, whose elements 
are restricted to them, and which subserve 
practical ends directly, and is homologous 
with the intellection involved in such 
human associations as regulate the conduct 
of a man playingtennis. The fundamental 
phenomenon which I find presented in ani- 
mal consciousness is one which can harden 
into inherited connections and reflexes, on 
the one hand, and thus connect naturally 
with a host of the phenomena of natural 
life; on the other hand, it emphasizes the 
fact that our mental life has grown up as a 
mediation between stimulus and reaction. 
The old view of human consciousness is 
that it is built up out of elementary sensa- 
tions, that very minute bits of consciousness 
come first and gradually get built up into 
the complex web. It looks for the begin- 


nings of consciousness to little feelings. 
This our view abolishes, and declaree that 
the progress is not from little and simple 
to big and complicated, but from direct 
connections to 


indirect connections in 
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which a stock of isolated elements plays a 
part; is from ‘pure experience’ or un- 
differentiated feelings to discrimination, 
on the one hand, to generalizations, abstrac- 
tions, on the other. If, as seems probable, 
the Primates display a vast increase of 
associations, and a stock of free-swimming 
ideas, our view gives to the line of descent 
a@ meaning which it never could have so 
long as the question was the vague one of 
more or less ‘intelligence.’ It will, I 
hope, when supported by an investigation 
of the mental life of the Primates and of 
the period in child life when these directly 
practical associations become overgrown by 
a rapid luxuriance of free ideas, show us 
the real history of the origin of human 


faculty. 
EpWaArRpD THORNDIKE. 


PSYCHOLOGICAL LABORATORY, 
COLUMBIA UNIVERSITY. 


THE AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS. 

Tue American Society of Mechanical 
Engineers held their spring meeting at 
Niagara Falls, May 31st to June 3d, in- 
clusive. The reception was initiated by 
Mayor Hastings in an interesting and 
cordial address, and by Mr. Coleman Sel- 
lers, and Mr. W. A. Brackenridge, who de- 
scribed with lantern-illustrations the work 
of the Cataract Construction Company. In 
addition to Society business, the time was 
given to visits to points of professional in- 
‘ terest, at Niagara and at Buffalo and ad- 
jacent towns, and, later, at Dunkirk and at 
Toronto. 

Some very important papers were read, 
Mr. Barrus made a‘ Plea for a Standard 
Method of Conducting Engine Tests’ ; in- 
tending particularly tests of mill-engines ; 
the Society having already, through special 
- committees, established precise methods of 
engine trial for steam pumping engines and 
locomotives, and of steam-boilers, which 
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have been accepted as models, almost uni- 
versally. A standard is now proposed that 
shall be general and cover the whole field. 
Mr. Bryan Donkin, an English member of 
the association, proposes an extension of 
these systems into other countries. The 
American Society having led the way in 
instituting such formal programs, steps 
should be now taken to secure general adop- 
tion throughout the world. 

Mr. James See presented a very concise 
discussion of the principal points to be con- 
sidered in patenting new devices. Mr. W. 
H. Bryan discussed ‘ Relations Between 
the Purchaser, the Engineer and the Manu- 
facturer,’ a phase of economics which is at- 
tracting much attention among members of 
the engineering profession. Mr. G. A. 
Lowry gave an interesting outline of the 
development of the industry of ginning and 
baling cotton, and of the inventions which 
have brought about its remarkable prog- 
ress. Messrs. Woolson, Baker, Norton, 
Cole, Johnson and others discussed the con- 
struction, setting and details of steam-boiler 
practice. Mr. Benjamin detailed results of 
investigation of the strength of cast-iron 
cylinders, and Professor Carpenter reported 
the outcome of the extensive Sibley Col- 
lege researches on the properties of the 
aluminum alloys, with the various other 
useful metals and experiments upon the 
value of a remarkable new seamless tube. 
Dr. Thurston illustrated a variety of novel 
‘Graphic Diagrams and Glyptic Models,’ 
employed for representation of the laws of 
variation of strength of materials of engi- 
neering and the economics of the steam 
engine, mainly of his own devising for use 
in his researches in these departments. 

R. H. Tuurston. 
BOTANICAL NOTES. 
BOTANY AND AGRICULTURE. 

In the Proceedings of the Eighteenth 
Annual Meeting of the Society for the Pro- 
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motion of Agricultural Science, just re- 
ceived, several of the papers have consider- 
able botanical interest. W. R. Lazenby, in 
a paper on the ‘ Annual Growth of Forest 
Trees,’ makes the statement that “the 
greatest annual increase in diameter took 
place on the side most fully exposed to the 
light, but the greatest growth in length of 
branches was often on the side not fally 
exposed.”” R. C. Kedzie, in ‘The Ash of 
Epiphytes,’ answers the question of the 
supply of mineral matter to epiphytes by 
first calling attention to the economical use 
of the supply on hand. In speaking of the 
orchids he says: ‘‘ Note the thin and 
papery remains of their leaves, and see how 
carefully mineral matter has been removed 
from these cast-off clothes of the plant, and 
how they differ from the leaves of terres- 
trial plants.’? He then enumerates the fol- 
lowing sources of mineral plant food: (1) 
soil water with which the plants are often 
watered ; (2) winds which carry consider- 
able amounts of mineral matter; (3) the 
bark of trees which supports the epiphytes 
and also the pottery, etc., used for supports 
in conservatories ; (4) very often in nature 
the roots of orchids grow in a mass of de- 
caying leaves which have fallen from the 
trees and lodged about the plants. B. D. 
Halsted contributes some ‘ Notes upon 
Bean and Pea Tubercles,’ which are due to 
the presence of a parasite, Rhizobium legu- 
minosarum. It was found that larger crops 
resulted from plantings upon ground known 
to be infested with these parasites. 


PAPERS ON THE DISEASES OF PLANTS. 
From Erwin F. Smith we have a paper on 
Wakker’s Hyacinth Bacterium (Abstract in 
Proc. A. A. A. 8.46: 274) confirming fully 
the conclusions reached by Wakker in 
1882-5, and extending quite materially our 
knowledge of the organism which is the 
cause of the disease. The same author’s 
lecture on ‘ The Spread of Plant Diseases,’ 
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before the Mass. Hort. Society and pub- 
lished in its Transactions, is an excellent 
popular statement of our knowledge of the 
means by which certain parasites succeed 
in getting from one plant to another. He 
groups them under the following heads: (a) 
spread by insects ; (b) spread by slugs and 


snails; (c) spread through the manure 
pile; (d) spread by way of the soil; (e) 
spread by way of seeds, seedlings, buds, 
tubers, cuttings and nursery stock. In a 
third paper the same author discusses 
(Trans. Peninsular Hort. Soc. 1898: 142) 
‘Some Bacterial Diseases of Truck Crops,’ 
noticing the‘ wilt’ of the cucumber, ‘ Brown 
Rot’ of the potato, and ‘ Black Rot’ of the 
cabbage. 

W. T. Swingle discusses ‘The Grain 
Smuts’ in Bull. 75, U. S. Dept. Agricul- 
ture, describing the stinking smuts of wheat 
( Tilletia foetens and T. tritici), loose smut of 
wheat ( Ustilago tritici), loose smut of oats 
( Ustilago avenae), barley smuts ( Ustilago 
hordei, U. nuda), rye smut ( Urocystis occulta) 
and yaize smut ( Ustilago maydis). Directions 
for treating the seed and grain, including 
corrosive-sublimate, copper sulphate, for- 
malin, potassium sulphide, and ‘sar’ solu- 
tion, all of which are intended to kill the 
spores by poisoning are given. Jensen’s 
hot-water treatment, also, is described and 
recommended for certain species. 

F. C. Stewart in Bull. 138 of the Geneva 
(N. Y.) Experiment Station records his re- 
sults, which show that the popular opinion 
that the plowing under of green rye will 
prevent potato scab (Oospora scabies) is 
erroneous. He concludes, also, that the 
potato-stem blight is not due to the pres- 
ence of fungi or bacteria, but that, on the 
contrary, it is a pathological condition, not 
communicable. The practice of some flo- 


rists of spraying carnations to prevent 
carnation-rust (Uromyces caryophyllinus) is 
shown to be useless ; the salt application 
neither prevents the rust nor gives the 
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plants a more vigorous growth. The effi- 
cacy of spraying cucumbers with Bordeaux 
mixture to prevent attacks of Downy Mil- 
dew (Plasmopara cubensis) was demonstrated 
by an extensive experiment. Incidently 
Mr. Stewart records a new host, Cucumis 
moschata (winter crook-neck squash) for 
this mildew. 

C. 8. Crandall in Bull. 41 of the Colo- 
rado Expt. Station discusses ‘ Blight and 
other Plant Diseases,’ bringing together in 
compact form the history of the investiga- 
tion of blight, culminating with the discov- 
ery of the bacterium, Micrococcus amylovorus 
(Bacillus amylovorus), by Burrill in 1878-80, 
and the demonstration that this organism 
is the active cause, by Arthur in 1884-5. 

CHARLES E. Bessey. 
THE UNIVERSITY OF NEBRASKA. 


CURREN1I NOTES ON ANTHROPOLOGY. 
THE ARYAN QUESTION. 


In the Revue Mensuelle for February, Dr. 
Zaborowski, a high authority, sums up the 
result of his long researches into the origin 
of the Aryans. At the beginning of the 
neolithic period, he tells us, the blond, 
long-skulled energetic Aryans of primitive 
stock occupied the plains of the center and 
north of Europe. They extended gradually 
to the west and the British Isles (peoples of 
the ‘long barrows’), and to the east into 
Asia (Ossetes of the Caucasus, ancient 
Persians, etc.). Their migratory move- 
ments were accelerated during the neolithic 
‘ period by the constant pressure of short- 
skulled Turanian tribes from northern Asia, 
who by their settlements and intermixture 
of blood have left profound traces in the 
present European peoples. It was during 
the early neolithic period that the division 
of the primitive Aryan tongue into its 
numerous dialects and languages took place 
under complicated conditions of tribal 
minglings. 
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POLYANDRY AMONG THE SEMITEs. 

THERE is a frequently quoted passage in 
Strabo which attributes a condition of the 
polyandry to the Semitic tribes of southern 
Arabia. This assertion has remained open 
to doubt for lack of supporting evidence, 
although the Israelitic proper name Ahab, 
‘brother of his father,’ and that of the 
daughter of Sargon, Achat-Abi-sha, ‘ wife 
of her father,’ indicate such a custom. 
In the Proceedings of the Berlin Anthropolog- 
ical Society for January, Dr. Hugo Wink- 
ler gives the translation of a Minzean in- 
scription (Halévy, 504) which leaves no. 
doubt of the correctness of Strabo’s state- 
ment. From these facts he concludes that 
polyandry in its most extended form, that 
in which the communal wife belonged at the 
same time to both fathers and sons, ‘ was 
generally prevalent.’ 

It is well known that an allied method of 
marriage still obtains in various parts of the 
world, and even among the comparatively 
civilized inhabitants of Tibet. 


THE ‘ FOLK-MIND.’ 

In the Beilage to the Miinchener Allgemeine 
Zeitung (No. 76, 1897) the writer, Max 
Buchner, undertakes a general onslaught 
upon the works and the teachings of the 
eminent anthropologist Adolf Bastian. It 
were scarcely worth while to take serious 
notice of this feuilletonist, who humorously 
quotes some of the brain-twisting para- 
graphs of the ‘ Altmeister’ as specimens of 
his style; but the main aim of the article 
is to overthrow the notion of the ‘ Vol- 
kergedanke,’ as so often and diffusely pre- 
sented by Bastian. This is an integral and 
indispensable part of his anthropological 
edifice and must not be given up lightly. 
That each human group (nation, folk) has- 
its own peculiar way of looking at things 
and taking in ideas cannot be disputed. 
Upon this way its fate in the world’s his- 
tory largely depends. Such a folk-mind 
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arises from well-recognized and inflexible 
causes (environment, heredity, etc.). It 
is, therefore, a reality, not a closet creation. 
Herr Buchner has by no means destroyed 
it in his amusing attack on the great Berlin 
professor and his many books. 
D. G. Brinton. 
UNIVERSITY OF PENNSYLVANIA. 


NOTES ON INORGANIC CHEMISTRY. 

Tue use of coke ovens which permit the 
recovery of by-products has become estab- 
lished on the continent of Europe, and 
several plants have been established in this 
country. In the Proceedings of the Alabama 
Industrial and Scientific Society, Wm. H. 
Blauvelt gives a description of the Semet- 
Solvay oven at Ensley, Ala. The coal is 
coked in retort ovens, the usual change 
being 44 tons. The time of coking is 
twenty-four hours. The amount of gas 
given off is eight to ten thousand cubic feet 
per ton, a part of: which is used to heat the 
retort and for steam to operate the plant, 
leaving considerable gas available for heat- 
ing and lighting purposes. The ammonia 
recovered is 16 to 22 pounds per ton, calcu- 
jated as sulfate, and the yield of tar from 
70 to 80 pounds. The yield of coke (75 
per cent.) is ten per cent. higher than that 
obtained by the old beehive ovens. The 
cause of this is that the evolved gases, 
which are more or less completely burned 
in the beehive, are to some extent decom- 
posed in the retort oven, graphitic carbon 
being deposited on the coke. In the bee- 
hive oven too some of the coke is consumed 
by the air present. The quality of the coke 
is pronounced equal to that produced in the 
old ovens, and some coals are available for 
coking which cannot be successfuly used 
with the beehive oven. 

In-the American Manufacturer, W. B. 
Phillips gives the results of the Otto-Hoff- 
man coke ovens at Jefferson €o., Ala. 
Here, using washed coal, the yield is: 
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gas, 9,600 feet per ton, of which about 3,000 
feet are available after ail required on the 
plant; ammonium sulfate, 23.6 pounds ; 
tar, 90 pounds; coke, 70 per cent. Itisan 
encouraging sign to see the adoption in this- 
country of industrial methods which have 
for their aim the saving of by-products. 

In an article on Aluminum as a reducing 
agent, in the Chemiker Zeitung, Léon Franck 
gives the following summary: Aluminum 
decomposes phosphates at high tempera- 
ture, with evolution of phosphorus ; in the 
presence of‘silica the liberation of phos- 
phorus is almost quantitative. Aluminum 
forms several different compounds with 
phosphorus, A1,P;, Al;P;, Al,P and AIP, all 
of which are decomposed by water with 
evolution of phosphin, PH;. Carbon dioxid, 
carbon monoxid amd carbonates are decom- 
posed by aluminum with liberation of free 
carbon. Metallic oxids are decomposed 
giving the metal; sulfates, giving sulfur 
and sulfids ; chlorids, giving the metal. A 
mixture of aluminum powder and sodium 
peroxid moistened with water burns spon- 
taneously with a brilliant light. There 
are many possibilities of the development 
of the use of aluminum powder along techni- 


cal lines. 
te J.L. H. 


SCIENTIFIC NOTES AND NEWS. 
VASCO DA GAMA CELEBRATION. 

THE festivities at Lisbon in commemoration 
of the discovery of India by Vasco da Gama 
began on May 15th. There were illuminations 
and fétes both in the city and on the warships. 
of various nations assembled in the harbor. 
The commemoration was also celebrated in 
Great Britain at a meeting of the Geographical 
Society on May 15th, at which addresses were 
made by the Prince of Wales, Lord George 
Hamilton, the Portuguese ambassador and by 
the President of the Society, Sir Clements. 
Markham, who read a paper on ‘Vasco da 
Gama,’ in the course of which he said, accord- 
ing to the report in the London Times, that they 
were assembled to commemorate one of the 
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greatest events in the history of the world—the 
discovery of the ocean route to India by the 
Portuguese. Vasco da Gama completed the 
mighty enterprise on the day when the ghits 
of India were sighted from the deck of his ship 
just 400 years ago. Thecredit of this discovery 
was due to the Portuguese people, to their con- 
stancy and heroic perseverance, even more 
than to the skill and ability of their leaders, 
and he thought that many of the illustrious 
navigators of Portugal were equal in merit and 
should be equal in renown. They contem- 
plated the perseverance of this people and the 
continuity of their work during a century and 
a half of mighty effort rather than a single 
stroke of genius. Yet it was right that Vasco 
da Gama, who forged the last link, should have 
the first place which Camoens has assigned 
to him, primus inter pares. Prince Henry the 
Navigator gave the first impetus. Athis death 
the work was continued, with almost equal 
zeal, by the Kings—his nephews—Alfonso the 
African, Joaé the Perfect Prince, Manoel the 
Fortunate. The Da Gamas came of an an- 
cient, valiant and loyal house, their ancestors 
having fought by the side of Alfonso III. in the 
conquest of Algarve from the Moors and by the 
side of Alfonso V., ‘the Brave,’ at the battle of 
Salado. Estevan da Gama, their father, was 
chief magistrate of Sines, and here Vasco da 
Gama was selected by King Manoel to com- 
mand his famous expedition when he was 28 
years of age. His eldest brother, Paulo was 
equally fitted for the post, and he insisted upon 
accompanying and serving under Vasco, in 
command of the second ship. They both 
looked upon Nicholas Coelho, who was captain 
of a third ship, the Berrio, as their brother. 
The expedition sailed on Saturday, July 8, 
1497 ; there were about 160 souls all told. 
The fleet was accompanied by the great navi- 
gator Bartholomew Diaz as far as the Cape 
Verde Islands. He was going outina fast 


caraval to take up his command of the new 
Portuguese settlement of Lamina, on the coast 
ofGuinea. In December the expedition reached 
Rio do Infante, the farthest point of Bartholo- 
mew Diaz, on the eastern side of Africa, and en- 
tered upon new ground. There was a mutiny 
The men feared to pro- 


at this critical time. 
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ceed farther, and wanted to return, according 
to Correa, who added that Vasco da Gama put 
the master and pilot in irons for giving the same 
advice and threw all their instruments over- 
board. His brother Paulo induced his crew to 
obey orders by argument and persuasions and 
interceced for Vasco’s prisoners. The first ex- 
perience of the explorers on entering the previ- 
ously unknown ocean was the force of the cur- 
rent, so strong that they feared it might frustrate 
their plans, until a fresh stern wind sprang up, 
which enabled them to overcome it. This Agul- 
has current was first scientifically investigated 
by Major Rennell in 1777. Vasco da Gama 
passed the coast which was named by him 
‘ Natal,’ on Christmas Day, and was well re- 
ceived by the natives of Delagoa Bay. He was 
at Quilimane in January, 1498, at Mozambique 
in March, and he reached Melinde on April 15th. 
There was a terrible outbreak of scurvy off Mo- 
zambique and again on the way home, and then 
it was that Paulo da Gama proved the guardian 
spirit of the expedition, giving up all his own 
private stores for the use of the sick, minister- 
ing to them, and warding off despondency by 
his words of encouragement and by his example. 
The King of Melinde supplied the Portuguese 
with an Indian pilot, a native of Gujarat, and 
on April 24th the voyage was commenced across 
the Indian Ocean from the east coast of Africa 
to Malabar. A voyage of 23 days brought the 
adventurous discoverers in sight of the moun- 
tains above Malabar. And thus was the Portu- 
guese empire in India founded by two of Portu- 
gal’s noblest sons, Vasco and Paulo da Gama. 
On March 20, 1499, they cleared the Cape, and 
returned to Lisbon on September 18th. But 
Paulo da Gama had died at Terceira, in the 
Azores. 


GENERAL. 

Sir J. WoLre Barry and Professor Roberts- 
Austen, who are members of the committee ap- 
pointed by the British government to report on 
the advisability of establishing a national phys- 
ical laboratory in England have visited the 
Reichsanstalt and other technical institutions. 

AT the anniversary meeting of the Linnean 
Society, London, on May 24th, a special gold 
medal was presented to Sir Joseph Hooker on 
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the occasion of the completion of his monu- 
mental work, ‘ The Flora of British India.’ The 
annual gold medal of the Society was, in ac- 
cordance with the arrangements already an- 
nounced, presented to Major G. C. Wollich. 


THE University of California has conferred 
the degree of LL. D. on Professor J. M. Schae- 
berle in recognition of his services to the Lick 
Observatory. 

THE Gilbert Medal of the Society of Arts for 
the present year has been awarded to Professor 
R. W. Bunsen, of Heidelberg, the eminent 
chemist. 

Srr WiLi1AM H. FLower, Director of the 
British Museum of Natural History, has received 
from the German Emperor the Royal Prussiaa 
Order Pour le Mérite in the Division of Science 
and Art. 

‘Dr. ANTON DouRN, Director of the Zoological 
Station at Naples, has been elected an honorary 
member of the Stockholm Academy of Sciences. 


Dr. GuMLICH and Dr. Holborn have been 
appointed professors in the Reichsanstalt at 
‘Charlottenburg. 

M. FALGUIERE has now cempleted the monu- 
ment of Pasteur to be erected in Paris, opposite 
the Pantheon. The international subscription 
for the monument amounts to about $80,000. 

A PORTRAIT of Dr. James W. McLane, Dean 
of the College of Physicians and Surgeons, Co- 
lumbia University, has been presented to that 
University by the faculty of the College on the 
occasion of the retirement of Dr. McLane from 
the chair of obstetrics after a service of 25 years. 

PROFESSOR FRIEDRICH MULLER, of the Uni- 
versity of Vienna, the eminent ethnologist and 
philologist, died on May 25th. He was born at 
Jemnik, in Bohemia, in 1834. 

THE death is also announced of Mr. W. M. 
Maskell, Register of the University of New 
Zealand, who had made valuable contributions 
to entomology. 

THE trustees of the Fiske fund, Providence, 
R. L., have awarded the Fiske prize of $350 to 
Dr. D. I. Wolfstein, of the Ohio Medical Col- 
lege, for an essay on ‘The Neuron Theory ; its 
Relation to Brain and Nerve Diseases in the 
Light of the Most Recent Investigations.’ 
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THE College of Physicians of Philadelphia 
announces th.ough its committee that the sum 
of $500 will be awarded to the author of the 
best essay in competition for the first Nathan 
Lewis Hatfield prize for original research in 


medicine. The subject is ‘A Pathological and 
Clinical Study of the Thymus Gland and its 
Relations,’ and essays must be submitted on or 
before January 1, 1900. 

THE examination for the position of Photog- 
rapher in the U. S. Naval Observatory (salary, 
$1,200 per annum) has been postponed to June 
23d. The examination will consist almost ex- 
clusively of experience and practical questions 
in photography. 

Dr. FRANK WALDO, of Princeton, New 
Jersey, offers elementary or advanced courses 
of lectures on meteorology to colleges and other 
educational institutions. Persons interested in 
the matter can obtain further details at the 
above address. Dr. Waldo was formerly a 
junior professor in the U. S. Signal service, and 
is the author of ‘Modern Meteorology’ in the 
Contemporary Science Series (London), and of 
‘Elementary Meteorology,’ recently published 
by the American Book Company, in New York. 

Ir is reported in the daily press that President 
Jordan, of Stanford University, and a party of 
men of science are at present engaged in ex- 
ploring the Grand Caijion of the Colorado and 
the ‘ Enchanted Mesa. ’ 

Mr. NIKOLAI HANSEN, a Norwegian zoolo- 
gist, will accompany Mr. Borchgrevink in his 
approaching expedition to South Victoria Land. 

IN addition to Lieutenant Peary’s expedition 
to the Pole by way of North Greenland and 
Mr. Walter Wellman’s by way of Franz Josef 
Land, the steamship Helgoland has just started 
from Germany for the Far North. The leader 
of this expedition, Herr Theodor Lerner, is 
accompanied by Dr. Briihl, Dr. Romer and Dr. 
Schaudien. 

REUTER’S agency announces that Baron Toll, 
the well-known Arctic explorer, has submitted 
to the Imperial Russian Geographical Society a 
scheme for an expedition to explore Sannikoff 
Land, about which very little is known and the 
very existence of which is denied by some ex- 
plorers. These include Dr. Nansen, who de- 
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clares that he failed to find traces of any land 
north of the New Siberian Islands. Baron 
Toll, however, is convinced that Sannikoff 
Land will be found in the place where it is in- 
dicated on the maps, and purposes to go thither 
with dogs and sledges and a portable house, and 
spend a year in exploration. 


THE Massachusetts House of Representatives 
has rejected, by a large majority, the bill re- 
ported by the Committee on Education appro- 
priating $2,500 for the Boston Meeting of the 
American Association for the Advancement of 
Science. 

THE Thirty-third Field Meeting of the Appa- 
lachian Mountain Club will be held in the 
Adirondacks, beginning Friday, July lst. A 
week will be spent at St. Hubert’s Inn, after 
which those who desire to do so will have an 
opportunity to visit Lake Placid and other at- 
tractive resorts in this beautiful group of moun- 
tains. During the Field Meeting two evenings 
will be devoted to scientific and literary mat- 
ters, and papers descriptive of the topography, 
geology, natural history and forestry of the re- 
gion will be presented by authorities on these 
subjects. 

THE annual meeting and conversazione of the 
Selborne Society took place on May 30th in the 
rooms of the Society, Hanover-square, the 
President, Sir J. Lubbock, M.P., being in the 
chair. The objects of the Society are to pre- 
serve from unnecessary destruction such wild 
birds, animals and plants as are harmless, 
beautiful and rare ; to discourage the wearing 
and use for ornament of birds and their 
plumage, except when the birds are killed for 
food or‘reared for their plumage; to protect 
places and objects of antiquarian interest or 
natural beauty from ill-treatment or destruc- 
tion, and to promote the study of natural 
history. 

Natural Science finds that, under its new Cu- 
rator, Mr. Alexander Gray, the Robertson Mu- 
seum at the Millport Marine Biological Station 
continues to prove of service to naturalists and 
of interest to the public. Dr. Gemmill, lec- 


turer on embryology, and Dr. Rankin, demon- 
strator in zoology, in Glasgow University, took 
several of their students to Millport during the 
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Easter vacation ; and it is expected that many 
students from Glasgow University, as well as. 
those attending other science classes in the 
neighborhood, will avail themselves, during the 
coming season, of the advantages offered by 
this institution for gaining a practical knowl- 
edge of the subject of their studies not other- 
wise attainable. 


THE Boston Transcript states that several in- 
teresting changes and additions are being made 
in the collections in the Mineralogical Museum 
and Laboratory at Harvard. The most impor- 
tant change in progress is the work of arrang- 
ing some five Hundred geological specimens, 
taken from different parts of the Museum and 
representing a large number of formations, so 
as to illustrate in detail the physical properties 
of minerals and also their mode of occurrence 
and associations with one another. The work 
is in charge of Messrs. Arthur 8. Eakle and 
Charles Palache, instructors in the geological 
department. ‘The collection will be contained 
in a series of twelve cases in the gallery near 
the entrance, and will form one of the most in- 
teresting features of the Museum. There is 
also to be placed on exhibition a large special 
collection of minerals to illustrate the occur- 
rence of volcanic bombs. This collection was. 
made by Dr. L. L. Hubbard, State Geologist of 
Michigan, in the vicinity of Lake Laach, Ger- 
many, and was presented by him to the Mu- 
seum. Still another new feature of the Museum 
will be a collection of specimens of calcite from 
Lake Superior. The specimens contain some 
exceptionally fine crystals and illustrate to- 
good advantage the occurrence of calcite crys- 
tallizing with copper. 


THE 23d meeting of the American Library 
Association will be held at Lakewood at Chau- 
tauqua, N. Y, from the 4th to the 9th of July. 
An interesting program will be presented, 
including an address by Mr. Herbert Putnam, 
of the Boston Public Library, President of the 
Society. 

THE New York Free Circulating Library 
opened its tenth branch ut 215 East 34th street, 
on Monday last, June 6th. The library occu- 
pies the three upper floors of a former private 
residence that has been altered to suit its pur- 
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poses. On the main floor is a well-selected 
library of about 4,000 volumes, which is opera- 
ted on the open-shelf system. In the rear are 
reading tables, and on the second floor is a 
small reference library and a reading room fur- 
nished with newspapers and’ magazines. 

Amone the books recently sold from the 
Ashburnham library was a copy of Pliny’s 
‘Historia Naturalis,’ lib. xxxvii., printed upon 
vellum by Jenson at Venice in 1472, for £190. 

THE Macmillan Company announce the early 
publication of a book on ‘Animal Intelligence’ 
by Professor Wesley Mills, of McGill Univer- 
sity. Dr. F. 8. Hoffman, professor of philoso- 
phy in Union College, has in the press of 
Messrs. G. P. Putnam’s Sons a work entitled 
‘The Sphere of Science.’ 

A RAILWAY to extend entirely across North- 
ern Sweden and Norway from the north end of 
the Gulf of Finland, northwest to Ofoten, on 
the Atlantic about 120 miles north of the Arctic 
circle, is proposed. The line will be about 300 
miles long, and will, it is said, be farther north 
than any part of the new railroad to Archangel. 


Art the meeting of the Institute of Civil En- 
gineers on April 5th, Mr. A. H. Preece gave an 
account of the present state of electricity supply 
in London. According to an abstract in Na- 
ture, Mr. Preece said that there are now in Lon- 
don eleven important companies and five ves- 
tries supplying electricity, and three other com- 
panies and three vestries are taking steps 
to start works. Five companies and three 
vestries supply the alternating current, and the 
remainder use direct-current systems. The 
direct-current systems are divisible into two 
classes—the high-pressure and the low-pres- 
sure. Inthe former rotary transformers are 
used to reduce the high pressure toa low pres- 
sure, while the latter produces and distributes 
electricity at the same pressure at which it is 
supplied to consumers. The direct-current sys- 
tems are applicable to compact areas, and, with 
the use of high pressure, to scattered or isolated 
compact areas. The chief advantages of the 
direct-current system are the possibility of 
using storage-batteries, which can not be em- 
ployed with the alternating-current systems, 
greater efficiency in distribution and greater 
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adaptability to motive power. The favorite 
methods of distributing electricity are to trans- 
mit current at a high pressure in heavily-insu- 
lated cables in iron pipes, and current at a low 
pressure in insulated cable in stoneware con- 
duits, or in cables heavily armoured and laid 
direct in the ground. Rubber is now little used; 
paper and jute, impregnated with insulating 
compounds, having been extensively adopted. 
The electric-supply industry is rapidly growing, 
and no less than 40,000 h.p. is now being in- 
stalled in London in order to meet the demand 
for electricity in the immediate future. 


FrRoM a statement compiled by Statistician 
Parker, of the United States Geological Survey, 
it is shown that the total output of coal in the 
United States in 1897 amounted approximately 
to 198,250,000 short tons, with an aggregate 
value of $198,100,000, a fraction less than $1 a 
ton. Compared with 1896, this shows an in- 
crease in tonnage of 6,270,000 tons. The in- 
crease in the value of the product was only $1,- 
700,000. The amount of coal produced in 1897 
was the largest on record. The average value 
a ton was the lowest ever known, continuing the 
declining tendency which has been shown with- 
out any reaction. 


VOLUME VI. of Mineral Industry, now in press, 
will show that the total value of the min- 
eral production of the United States in 1897 
was $746,230,982 (or, excluding duplication, 
$678,966,644), against $737,958,761 in 1896. 
The values given are generally at the mines or 
works ; but with a few of the principal metals, 
such as lead, copper or zinc, this is not pos- 
sible, and their values are taken at the leading 
markets. The total value of the output in 1896 
exceeded that of the mineral and metal pro- 
duction of all Continental Europe, and nearly 
doubled that of the United Kingdom, the value 
of whose mineral output in 1896 was, in round 
figures, about $340,000,000, while that of Ger- 
many was about $300,000,000, that of France 
about $110,000,000, and that of Belgium $100- 
000,000. 


UNIVERSITY AND EDUCATIONAL NEWS. 


Mr. Pxuiiip D. ARMOUR has given an addi- 
tional endowment fund of $500,000 to the Ar- 


832 


mour Institute of Technology, Chicago. He 
had previously given the Institute an endow- 
ment of $1,500,000. 

Mr. WASHINGTON DUKE has given $100,000 
to Trinity College, Durham, N. C., which 
makes the total amount of his gifts to the Col- 
lege $425,000. 

Dr. D. K. PEARsons, who has assisted so 
many smaller colleges, has offered to give the 
Salt ake College, of Salt Lake, Utah, $50,000, 
on condition that its officers raise $100,000 more 
within a year. 

Dr. GEorGE W. HI tu has been appointed 
lecturer in celestial mechanics in Columbia 
University, Miss Catherine W. Bruce having 
given $5,000 for this purpose. 


Proressor I, J. MACoMBER, of Cornell Uni- 
versity, has been appoinisd professor of elec- 
trical engineering in the Armour Institute of 
Technology, Chicago. 


Dr. C. E. Bessry, of the University of Ne- 
braska, will give a course of fifteen lectures on 
botany in the Texas-Colorado Chautauqua, 
Boulder, Col., in July and August. 


Or the twenty fellowships annually awarded 
at Johns Hopkins University, the following 
were in science: Joseph Scudder Chamberlain, 
of Ames, Ia., 8.B., Iowa Agricultural College, 
1890, chemistry; Percy Millard Dawson, of 
Montreal, Canada, A.B., Johns Hopkins Uni- 
versity, 1894, and M.D., 1898, physiology ; 
George Stronach Fraps, of Raleigh, N. C.,S.B., 
North Carolina Agricultural College, 1896, 
chemistry ; Leonidas Chalmers Glenn, of Crow- 
der’s Creek, N. C., A.B., University of South 
Carolina, 1891, geology ; Caswell Grave, of Mon- 
rovia, Ind., 8.B., Earlham College, 1895, 
zoology; George Oscar James, of Bowers Hiil, 
Va., A.B., Johns Hopkins University, 1895, 
mathematics ; Joseph Francis Merrill, of Rich- 
mond, Utah, 8.B., University of Michigan, 
1893, physics ; Eugene Lindsay Opie, of Balti- 
more, A.B., Johns Hopkins University, 1893, 
and M.D., 1897, pathology; Frederick Albert 
Saunders, of Ottawa, Canada, A.B., University 
of Toronto, 1895, physics. 

THE following are among the twenty-four 
University fellowships awarded in Columbia 
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University: E. L. Firth, C. E., Cornell Uni- 
versity, 1895; Columbia University, 1898, 
sanitary engineering; G. B. German, A.B., 
Columbia College, 1895, assistant in mathemat- 
ies, 1895-98, education; E. Hagen, University 
of Vermont, 1897, Columbia University 
Scholar in Botany 1897-98, botany; O. B. 
Huntsman, A.B., Harvard University, 1897-98 ; 
philosophy; J. D. Irving, A.B., Columbia Col- 
lege 1896, Columbia University Fellow in 
Geology 1897-98, geology; E. Kasner, B.S., 
College of the City of New York 1896, A.M., 
Columbia University 1897, University Fellow 
in Mathematics 1897-98, mathematics; W. C. 
Kretz, A.B., Columbia College 1896, A.M., 
Columbia University 1897, University Scholar 
in Astronomy 1897-98, astronomy; J. W. Mil- 
ler, Jr. B.S., Pennsylvania State College, 1897, 
mechanics; F. C. Paulmier, B.S., Princeton 
University 1894, M.S. 1896, Graduate Student 
at Columbia University 1896-98, zoology; F. 
J. Poyse, A.M., Queen’s University, Kingstown, 
Canada 1898, Graduate Student at Columbia 
University 1897-98, chemistry; R. S. Wood- 
worth, A.B., Amherst College, 1891; A.B., 
Harvard University 1896 and A.M. 1897; 
Assistant in the Physiological Laboratory of 
Harvard University 1897-98, psychology. 


DISCUSSION AND CORRESPONDENCE. 
COLOR VISION. 

THERE are certain points in Mrs. Ladd Frank- 
lin’s letter of June 3d that call for comment. 

1. Mrs. Ladd Franklin sharply criticises me 
for having termed the Helmholtz theory a 
‘three-fibre’ theory. The offence, if committed, 
would not be heinous. The phrase ‘ Dreifaser- 
theorie’ is current in German monographs, and 
is a convenient, if not strictly accurate, designa- 
tion of the tricomponent theory. As a matter 
of fact, however, there is no single passage in 
my letter in which I characterize that theory as 
a three-fibre theory ! 

In mentioning von Kries’ double-white pro- 
cess I added, in explanatory parenthesis, the 
words ‘ one-fibre white and three-fibre white.’ 
I did this because I supposed that the lay reader 
might be troubled by the preceding phrase, and 
because I had found the terms valuable in my 
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lectures on optics, as shorthand names for the 
processes in question. Precisely the same terms 
have recently been coined by Hering and Hess 
(Untersuchungen an total Farbenblinden, Pfi. 
Arch., LXXI., Heft 3 and 4; March 25, 1898). 

2. I spoke of Koenig’s ‘ shift of excitability. ’ 
Mrs. Ladd Franklin rejoins that Helmholtz 
and Fick had a shift of excitability. Of course. 
If I had not known this from Hermann’s Hand- 
buch and the Optik, at least I should have known 
it from Mrs. Ladd Franklin’s paper in Mind 
(N. S., IL, p. 478 ; Oct., 1893), in which the 
facts are fully set forth. I wrote of Koenig’s 
shift, and not Fick’s, because it was Koenig’s 
work, and not Fick’s, that I wished to call at. 
tention to. I was referring to current theories, 
and had in mind the elaborate paper by Koenig 
and Dieterici, Die Grundemfindungen in normalen 
und anomalen Farbensystemen und ihre Intensi- 
tdtsvertheilung im Spektrum (published in com- 
plete form in the Zeitschrift, IV., p. 241; 1893), 
and the pages in the Optik that rest upon the 
authors’ experiments (2d ed., pp. 366 ff.). 

8. On this basis—on the basis of a sheer mis- 
statement, and of misapprehension of a position 
that should have been clear from the context— 
Mrs. Ladd Franklin charges me with concealing 
under an ex cathedra manner a ‘ rather unusual 
degree of ignorance.’ The dogmatic manner of 
my previous letter I explained and apologized 
for: Professor Stevens accepted the apology in 
the spirit in which it was offered. As for the 
ignorance, the facts are these : 

No professor of a total subject—physics or 
physiology or psychology—can keep adequately 
abreast of every line of work in his science in 
any given year. One has to ‘keep up,’ ina 
rough way, with most things, and to devote 
oneself in successive years to the detailed study 
of a succession of single things. This year has 
happened to be my optics year. I spent the 
summer vacation of 1897 and the spare time of 
the academic year 1897-8 upon optics. When 
Professor Stevens’ letter appeared I felt that I 
was, perhaps, at the moment, better qualified 
than most of my colleagues to give him the 
bird’s-eye view he asked for; it seemed to be a 
matter, if not of scientific duty, at least of 
scientific courtesy, to pen a brief statement in 
reply. Mrs. Ladd Franklin’s sarcastic remarks 
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about ‘renewing my study,’ ete., would apply, 
I take it, equally well—or badly—to every pro- 
fessor of every science in the country. Yet 
science manages to get on. 

4. My position with regard to new theories is 
misrepresented by Mrs. Ladd Franklin. See 
my first letter, p. 605. 

5. I said that Mrs. Ladd Franklin’s theory 
had had ‘grave experimental objection urged 
against it.’ It was open to the author of the 
theory to call for proof of this statement. She 
has preferred to give ita flatdenial. ‘‘ There is 
no experimental evidence against my theory ”’ 
(p. 775). Fortunately, the literature is still ex- 
tant. 

6. Mrs. Ladd Franklin concludes with an 
attack onthe color theory of my Outline of Psy- 
chology. I would point out, in the first place, 
that my last chance for corrections was Feb- 
ruary 9, 1897 (see Preface to third ed.), whereas 
the last installment of Miiller’s paper is dated 
May 8, 1897. Should the book ever come to a 
fourth edition, Hering and Miller will be in 
it, unless the optical situation changes. Sec- 
ondly, as regards the confusion of the theory, 
I did my best with the materials existing: I 
took Wundt’s theory and, under the influence 
of Hillebrand’s well known paper (Ueber die 
specifische Helligkeit der Farben: in the Sitzungs- 
ber. d. k. Akad. d. Wiss. in Wien, Feb., 1889), 
carried the brightness side of it to its logical 
conclusion. My position may have been over- 
cautious, over-sceptical ; but I was trying to 
write a scientific book. I can see no ground 
for the charge of confusion. 

I fear that the above remarks contribute 
nothing at all, directly, toscience. I feel, how- 
ever, that they should in justice be made, since 
Mrs. Ladd Franklin has been allowed to run 
amok through my previous letter. Indirectly 
they may be ofservice, if they show Mrs. Ladd 
Franklin that it is necessary to read before you 
criticise, and that there are amenities to be 
observed even in scientific controversy.* 

E. B. TITCHENER. 


*A small point, but typical. In the first five lines 
of p. 774 Mrs. Ladd Franklin manages to misquote 
me and to misname Hering’s work. The Zur Lehre 
is a collection of six papers, and we have two spe- 
cifically theoretical papers from the year 1874. 











834 


A PRECISE CRITERION OF SPECIES. 


To THE EpIToR OF SCIENCE: Your note in 
ScrencE No. 178 on the recent paper by Dr. 
Davenport and Mr. Blankinship on a ‘ Precise 
Criterion of Species’ raises a question which I 
think you do not follow to its necessary con- 
clusion. That the criterion of species is a prob- 
lem largely made up of psychological elements 
seems an almost self-evident proposition, and 
as I understand the paper in question its object 
is simply to tabulate these psychological ele- 
ments and draw from them an exact statement 
of accepted current usage. From this tabula- 
tion it appears that in America, during the 
present decade, groups of animals whose differ- 
ences may be expressed by one kind of curve 
are currently regarded as species, while those 
whose differences give another curve are looked 
upon as subspecies. But why should the ques- 
tion be left here? If the curves were made 
from data furnished by determinations current 
in America during the past decade or in Europe 
now they would be strikingly different from 
those actually obtained by Dr. Davenport. An 
almost equally noticeable discrepancy would 
occur between the curves furnished by the work 
of certain American and European systematists 
at the present day as compared with those of 
some of their respective compatriots.* Further- 
more every individual worker passes through 
phases of opinion in each of which his work 
would give appreciably different curves. It 
appears to me, therefore, that Dr. Davenport 
and Mr. Blankinship have elaborated not so 
much a precise method of distinguishing be- 
tween species and sub-species as for graphically 
representing the opinions of different times and 
individuals. In other words, they have shown 
how to make a Linnzus-curve, a Brehm-curve, 
‘an America-curve or an 1898-curve—which 
when compared together have an undoubted 
psychological interest—but they have not fur- 
nished a criterion which will be of actual service 
to working systematic zoologists. The reason 
for this failure is partly, as Dr. Davenport sug- 
gests in his letter in ScrENcE No. 179, due to 
the complexity of the method, but more espe- 
cially to the fact that systematists, from the 

*I write from the standpoint of mammalogy and 
ornithology. 
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very nature of their work, must hold themselves 
ever ready to accept new points of view and 
new standards of value. 
GeERRIT S. MILLER, Jr. 
U. S. NATIONAL MusEUM. 
SCIENTIFIC LITERATURE. 

A Text-book of Entomology, including the Anatomy, 
Physiology, Embryology and Metamorphoses of 
Insects, for use in Agricultural and Technical 
Schools and Colleges, as well as by the work- 
ing Entomologist. A.S. PACKARD. Macmil- 
lan Company. 1898. 8vo. Pp. 729. 654 figs. 
Students of entomology who began their 

work some fifteen or twenty years ago often 

found Professor Packard’s ‘ Guide to the Study 
of Insects’ the only accessible American book of 
reference on the subject of general entomology. 

It was a large volume, containing much valu- 

able material, but it never seemed to satisfy one 

even on minor questions. It contained anat- 
omy, physiology, embryology and taxonomy in 

a somewhat undifferentiated condition. The 

redeeming feature of the work was the wide 

philosophical interest that its pages inspired. 

This interest had its source in Professor Pack- 

ard’s own industrious and enthusiastic study of 

the subject of entomology, a study which he 
has extended without interruption during the 
thirty years that have elapsed since the publi- 
cation of the ‘Guide.’ The results of this long 
study now lie before us in this abie text-book. 

The recent publication of Comstock’s ‘ Man- 
ual’ and Sharp’s volume on insects in the ‘Cam- 
bridge Natural History’ has evidently led Pro- 
fessor Packard to exclude a consideration of 
the taxonomy of insects and to confine his 
treatment to the morphological and physiolog- 
ical aspects of the subject—a task surely very 
great even as thus limited. He takes up in 
succession the anatomy, embryology and meta- 
morphoses of insects, giving more or less atten- 
tion to the physiological aspect as he proceeds. 

His presentation of this last aspect is, perhaps, 

the weakest portion of the book, because Pro- 

fessor Packard has not made special up-to-date 
studies in this field. He omits all mention of 
several interesting physiological fects, such as 

Professor J. Loeb’s interesting experiments on 

the heliotropism and stereotropism of insects. 
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He moves somewhat more securely over the 
ground of histology and embryology, although 
we find an occasional lapsus or deficiency. As 
an example of a histological lapsus Professor 
Packard’s account of the origin of the tenidia 
of the trachez (p. 449) may be mentioned. He 
describes the spiral thread of the chitinous 
trachea as originating from nuclei (!) and gives 
two figures to illustrate this remarkable con- 
tention. But if these figures show anything they 
show that the tenidia arise from the cytoplasm 
of the tracheal hypodermis and not from nuclei. 

The embryologist may object to Professor 
Packard’s heading a section (p. 126) with the 
words ‘Embryonic development of the wings.’ 
In accepting Weismann’s observations, pub- 
lished in 1864, that the imaginal discs of the 
legs and wings of the blow-fly are formed before 
the hatching of the embryo, Professor Packard 
does not stop to consider that these observa- 
tions were necessarily unsatisfactory because 
the method of sectioning the egg was not in 
vogue at the time. Moreover, an examination 
of the concluding paragraphs of Graber’s study 
of the embryology of the fly (1889) and of the 
accompanying figures of sections would have 
convinced Professor Packard of the uncertainty 
of the statement that the wing-germs are 
formed in the embryo, and he would have 
avoided a misleading heading. Several cases 
of a similar incautious haste in accepting the 
statements of authors could be pointed out. 

On the whole the complicated subject of 
insect morphology is handled with a good 
sense of proportion. We could have wished 
for longer chapters and more instructive figures 
illustrating the fascinating subjects of phospho- 
rescence, stridulating organs, compound eyes, 
etc. Stridulating organs are not even figured. The 
vast literature on the compound eye; of insects 
must surely furnish much better figures than 
those employed by Professor Packard, and a 
few good sections of one of our common fire- 
flies would furnish better drawings of the 
phosphorescent organs than the one taken 
from Emery’s paper. 

In the embryological division of the subject 
there are many little inaccuracies, as e. g. (p. 
525) when Professor Packard says: ‘‘ The 
germinal vesicle of the ripe insect egg lies in 
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the center of the yolk, where it appears asa 
large vesicle-like cell-nucleus containing a few 
chromatine elements.’’ If Professor Packard 
had ever spent hours, days, or even weeks, 
searching for the germinal vesicle in a ripe in- 
sect egg, he would not describe it as a ‘large 
vesicle-like’ structure in ‘the center of the 
yolk.’ The envelope formation and revolution 
of the insect egg admits of a more interesting 
comparative treatment than that employed by 
Professor Packard. In this connection we ven- 
ture to say that the inversion of the figures of 
the @canthus embryo (p. 545), taken from Ayers, 
will only serve to perpetuate an unfortunate 
blunder in the orientation of the embryo with 
respect to the egg. 

It is to be regretted that Professor Packard 
could not omit all reference to Neo-Lamarckian- 
ism. In the closing paragraph of the portion 
on insect metamorphosis we find the following 
sentence: ‘‘ The sudden or tachygenic appear- 
ance of temporary structures, such as hatching 
spines, various setz, spines, respiratory organs, 
so characteristic of dipterous larve and of the 
protective colors and markings of caterpillars 
and which are discarded at pupation or im- 
agination, are evidently due to the action of 
stimuli from without, to the primary neola- 
marckian factors, the characters proper to each 
larval stadium and to the pupal and imaginal 
stadia, characters probably acquired during the 
lifetime of the individual, becoming finally 
fixed by homochronous heredity.’’ Such lan- 
guage is out of place in a text-book, unless the 
other side of the question is also presented. 
In certain respects insect metamorphosis is one 
of the least favorable subjects for the study of 
the ‘primary Neo-Lamarckian factors.’ The 
Neo-Lamarckians have yet to demonstrate how, 
é. g., many chitinous structures, such as hairs, 
scales, etc., which are really dead or fixed be- 
fore they begin to function in the imago, and 
which have certainly undergone specific or 
even generic variation since complete meta- 
phosis was acquired in the common ancestor, 


- can be due to the direct action of external 


stimuli becoming finally ‘fixed by homochron- 
ous heredity.’ 

It would be possible to cite several cases of 
inaccuracy in Professor Packard’s book, were 
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it not more important to commend the great 
labor which he has bestowed upon it, than to 
search for the little errors that are unavoidable 
in every attempt to cover a field extending so far 
beyond the possible limits of any one entomolo- 
gist’s experience. Our critical inclination gives 
way to our gratitude to Professor Packard for 
having accomplished so well what very few 
would have the courage to undertake, and 
fewer still the ability and preparation to exe- 
cute. With the books of Professors Packard, 
Comstock and Sharp on his shelves, the be- 
ginning entomologist of to-day will find before 
him a short and pleasant path to a knowledge 
of his subject instead of the long and tortuous 
course which many American entomologists have 
had to pursue. With these works the ‘modern 
morphologist,’ who is often not a little proud 
of knowing nothing about Hexapods, can fill a 
gap in his library, if not in his information. The 
wide-awake morphologist or physiologist who 
turns the pages of these works will see sugges- 
tions of many great problems and of greater 
opportunities for work than he may be able to 
find in the more limited and more nearly ex- 
hausted fields of annelid and vertebrate mor- 
phology. Insects have been long and lovingly 
studied, but we have scarcely begun to know 
more than a few superficial facts concerning 
them. Professor Packard’s book, we venture 
to predict, will, in the course of time, attract 
many American students to the study of the 
intricate organization and development of in- 
sects and thereby lead indirectly but surely to 
an increase of our knowledge. 
WILLIAM MorTON WHEELER. 


Pasteur. By Percy FRANKLAND and Mrs. 
Percy FRANKLAND. New York, The Mac- 
millan Company. 1898. Pp. 224. Price, 
$1.25. 

Of few men of science can it be said more 
truly than of Pasteur that the story of his life 
is found in his work. Judged by ordinary 
standards his life itself was not an eventful one, 
and the simple record of his scientific achieve- 
ments constitutes perforce the larger part of 
any biography. In order to understand what 
significance these achievements possessed for 
Pasteur’s contemporaries and what they mean 
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to his successors it is necessary to correlate the 
discoveries made by Pasteur both with the con- 
dition of science in his time and with our 
present knowledge, and the deftness with 
which such a relation is traced becomes a fair 
measure of the biographer’s success. For this 
task the present biographers are unusually 
well equipped, and they have approached the 
subject with an appreciation of the simplicity 
of the man and the dignity of his undertakings 
that has given us a most readable account of 
the life-work of the great master. 

Louis Pasteur was born at Déle on the 27th 
of December, 1822, and was of humble origin, 
his father being the owner of a small tannery. 
By dint of great sacrifices on the part of his 
parents, Louis was given early opportunities 
for study, and the boy soon attracted the atten- 
tion of his teachers through his great diligence, 
energy and enthusiasm. When he was twenty- 
one years of age he went up to Paris to the 
Ecole Normale and threw himself almost at 
once into the work of investigation. He fell 
first under the influence of Biot and began that 
study of the crystals of tartaric acid which led 
to the remarkable discovery of the spatial rela- 
tions subsisting between the atoms within the 
molecule and blazed the way for the fruitful 
generalizations of stereo-chemistry. 

M. Duclaux, in his admirable book, ‘ Pasteur : 
Histoire d’un Esprit,’ has recently grouped 
Pasteur’s researches under eight heads : Studies 
in Crystallography, The Lactic and Alcoholic 
Fermentations, Spontaneous Generation, Re- 
searches upon the Diseases of Wine and Vin- 
egar, The Silkworm Disease, Studies on Beer, 
The Etiology of Infectious Diseases and Re- 
searches upon Vaccines, and our authors have 
in the main followed this grouping. It may 
be doubted if the history of science offers a bet- 
ter illustration of the way in which scientific 
research carries a worker irresistibly along on 
its own current, sometimes rendering him a 
foiled, circuitous wanderer, sometimes, as with 
Pasteur, leading from one channel into another 
with the horizon always widening out as the 
water deepens around him. 

That perennially interesting subject, Pas- 
teur’s controversy with Liebig over the theory 
of fermentation and decay, is treated by our 
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authors in a thoroughly judicial way, although 
with a bias towards Pasteur’s main contention 
perhaps unavoidable in the light of our present 
knowledge. ‘‘Those who attempt to explain 
the putrefaction of animal substances by ani- 
malcules,’’ wrote Liebig, ‘‘argue much in the 
same way asa child who imagines he can ex- 
plain the rapidity of flow of the river Rhine by 
attributing it to the violent agitations caused 
by the numerous water-wheels of Mainz, in the 
neighborhood of Bingen.’’ Liebig, as is well 
known, was soon forced to retreat from the po- 
sition that the alcoholic fermentation is due not 
to the activity of the living yeast plant, but to 
the decomposition of the nitrogenous compo- 
nents, and was obliged to yield to the over- 
whelming evidence adduced by Pasteur in sup- 
port of the view that not the dead or the dying, 
but the live yeast-cell was responsible for the 
phenomenon. Liebig later acknowledged de- 
feat so far as to admit the share of the live 
yeast plant in the process, but still clung 
tenaciously to his hypothesis of a transmission 
of molecular vibration, itself a modification of 
the view long before advanced by Willis and 
Stahl, while Pasteur advocated with equal 
tenacity the view that the yeast plant simply 
breathes at the expense of the oxygen of the 
sugar molecule. The recent discovery by E. 
Buchner of an alcohol-generating enzyme in 
the fluid pressed out of pulverized yeast-cells—a 
discovery, by the way, sadly in need of con- 
firmation —can hardly be said to conclude the 
controversy, although bringing us to somewhat 
closer quarters with the real problem. 

Pasteur’s memorable researches upon anthrax 
are described at some length and in a very in- 
teresting fashion, although with an exaggeration 
of the hero’s réle as compared with that of 
Koch and others, which is perhaps more par- 
donable in a biographer than it would be in an 
historian of science. There are not lacking 
some other instances of unnecessary magnifica- 
tion of Pasteur’s achievements—although one is 
tempted to ask oneself if they can ever really be 
made to bulk too large—and of French bacteriol- 
ogy in general. Is it quite correct, for in- 
stance, to mention Calmette’s work upon the 
production of immunity towards abrin (p. 197) 
in such a way as to convey the impression that 
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he was the pioneer in this work? Despite 
some blemishes of this sort, however, and de- 
spite, too, an excess of divided infinitives and 
a profusion of bellicose metaphors, this biog- 
raphy presents a just and interesting account 
of the life of a great man. 

The closing chapters of the book contain a 
vivid and picturesque description of the mas- 
ter’s methods of work, of his founding of the 
Institut Pasteur, of his work on rabies and of 
his last years. In simplicity of life and in the 
patience, persistence and fire that mark the 
genius, Pasteur stands as one of the shining 
figures in the science of the century. ‘‘ He 
makes me uneasy,’’ said one of his early friends; 
‘*he does not recognize the limits of science; he 
loves only quite insoluble problems.’’ At the 
dedication, on November 14, 1888, of the great 
institution that bears his name, Pasteur himself 
gave a bit of his inmost life. ‘‘ This that I ask 
of you is what you again, in your turn, will de- 
mand of the disciples who gather round you, 
and for the investigator it is the hardest ordeal 
which he can be asked to face, to believe that 
he has discovered a great scientific truth, to be 
possessed with a feverish desire to make it 
known and yet to impose silence on himself for 
days, for weeks, sometimes for years, whilst 
striving to destroy those very conclusions and 
only permitting himself to proclaim his dis- 
covery when all the adverse hypotheses have 
been exhausted.’’ Yes, that is a difficult task. 

‘* But when, after many trials, you have at 
length succeeded in dissipating every doubt, 
the human soul experiences one of the greatest 
joys of which it is capable.’’ 

EDWIN O. JORDAN. 

UNIVERSITY OF CHICAGO. , 


A College Course of Laboratory Experiments in 
General Physics. By SAMUEL W. STRATTON 
and Ropert A. MILLIKAN. Chicago, The 
University of Chicago Press. 1898. Pp. 
100. 

In a recent issue of SCIENCE a writer whose 
specialty is chemistry refers to the following re- 
mark in which he had indulged: ‘‘ There is 
small doubt that, were it not for the expense of 
printing, every teacher of chemistry would use 
a text-book made by himself with either pen 
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or scissors.’’ A foreign critic’s comment upon 
this was : ‘‘Sad, indeed, if true! ’’ 

Most teachers of science who have labora- 
tories to control, whether in chemistry, physics 
or biology, will probably be ready to express 
their accordance with the view of the chemical 
writer. No one can direct students in a phys- 
ical laboratory without finding that his own 
needs are not met in any one of the consider- 
able number of laboratory guide books with 
which the market now abounds. Nor would he 
be any more fortunate if the number of these 
became tenfold greater. No two laboratories 
are alike; no two teachers are alike. Every 
laboratory manual is a compound product of 
teacher, laboratory and special circumstances. 
It is never made deliberately for the purpose of 
instructing the world at large, but specially 
for one laboratory in particular. It is then 
published, in the hope that its contents may be 
useful in other laboratories. 

The earliest laboratory manual for students 
in physics, that of Kohlrausch, was written so 
concisely that, while apparently as good for one 
laboratory as for another, it was found by its 
users to be always in need of supplementary 
matter.. Each instructor usually prepares 
special cards with such directions as are found 
needful under given conditions of use. The 
instructor must in any case be within reach to 
respond to the student’s needs; but there is 
great saving of time, breath and patience if 
everything is plainly written or printed that 
can be reasonably demanded by a student of 
ordinary ability. Laboratory work is far su- 
perior to class work in revealing the possession 
or absence of that power of quick discernment 
and practicality which is colloquially called 
‘gumption.’ The student who is naturally 
blessed with this power needs but little more 
than the instruction cards, but there are al- 
ways some who cannot be kept from blunder- 
ing even if the instructor is continually present. 
These are the ones that sap his energies ; and in 
self-defense he is often compelled to adapt his 
cards to them, giving specific directions ad- 
justed to the particular apparatus to be em- 
ployed, anticipating the mistakes they will 
make, and sacrificing educative aims to the 
need of saving apparatus from injury. 
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Since the primary function of a laboratory 
manual is thus to save time and labor for both 
instructor and student, it follows almost as a 
necessity that each laboratory must be provided 
with its own manual. If this be printed, con- 
venience is temporarily promoted. But each 
year brings changes. Old cards must be modi- 
fied or new ones written, or the laboratory 
manual must be subjected to frequent revision. 
Manuals prepared for other laboratories must, 
it is true, be at hand for ready reference. They 
are highly useful, but never sufficient, because 
not adapted to the particular apparatus which 
the student is called upon to master. 

The small volume of a hundred pages by 
Messrs. Stratton and Millikan is an excellent 
index of the good work through which junior 
students are carried in the Ryerson laboratory, 
of the University of Chicago. It bears much 
internal evidence that its authors were writing 
specifically for their own students, and writing 
with a degree of intelligence that indicates how 
successful their work must be. The book opens 
with some general directions regarding the 
method of making observations, keeping records 
of these, and estimating the accuracy attainable 
under given conditions of work. The exercises. 
are grouped under three heads, Mechanics, 
Molecular Physics and Physics of the Ether. 
Under the former are included various methods. 
of measuring distance, direct and indirect de- 
terminations of the acceleration of gravity, an 
excellent discussion of the use of the balance, the 
determination of density for solids and fluids, 
elasticity of tension and torsion, composition 
and resolution of forces, the ballistic pendulum, 
work and efficiency. The instructions are for 
the most part given very clearly, and in each 
case followed by a form of record with blanks 
to be filled in by the student. The last feature 
may at first seem a little procrustean, but the 
value of such specific guides is best appreciated 
by those who have had most experience in the- 
wearisome work of examining report books. 

Under the head of Molecular Physics are con- 
sidered the surface tension of liquids, the prop- 
erties of gases, hygrometry, thermometry, co- 
efficients of expansion, specific heat, energy of 
fusion and vaporization, and methods of de- 
termining the velocity of sound. 
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Under the head of Physics of the Ether are 
considered the constants of mirrors and lenses, 
the combinations of these to form telescopes 
and microscopes, the spectrometer and spectrum 
analysis, magnetic and electric fields of force, 
absolute measurements of electric current, 
quantity, potential difference and resistance, 
battery electromotive forces and resistances, 
the use of galvanometers, the absolute determi- 
nation of capacity and comparison of capacities, 
electro-magnetic induction, efficiency curves for 
incandescent lamps, thermo-electric power, and 
radiation. 

On the assumption that such a course should 
be progressive in difficulty, the last parts re- 
quire decidedly greater proficiency on the part 
of the student. Many juniors will find it 
necessary to read with special care the theoretic 
discussion of capacity. In the exercise on 
radiation Boys’ radiomicrometer is employed 
in place of thermopile and galvanometer. 

The book closes with a few tables of constants, 
of natural functions and of logarithms. | 

Upon the whole, this volume is a welcome 
addition to the literature of the subject. Apart 
from some obvious typographical errors, it may 
be consulted with confidence in the accuracy 
of its statements. While many other labora- 
tories are less generously equipped than the 
Ryerson physical laboratory, and therefore can- 
not substitute this book for local instruction 
cards, it contains so much of good suggestion 
and is so well methodized that many instruc- 
tors will surely utilize it in the improvement 
of the instructions which they prepare for their 


own students. 
W. Le Conte STEVENS. 


SCIENTIFIC JOURNALS. 

THE American Naturalist for April, which has 
just been received, opens with an article on the 
Sarcostyles of the Plumularide, by Professor C. 
C. Nutting, followed by the third chapter of the 
work on the wings of insects, by Professor J. 
H. Comstock and Mr. J. G. Needham. The 
present chapter treats of the specialization of 
wings by reduction and is illustrated by twenty- 
three cuts. There are briefer articles as follows: 
‘A Case of Variation in the Number of Ambu- 
lacral Systems of Arbacia punctulata, by H. L. 
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Osborn ; ‘ Relationship of the Chriacide to the 
Primates,’ by Charles Earie; ‘Further Notes 
on Thermometer Crickets,’ by C. A. Bessey and 
E. A. Bessey ; ‘ Pollination of the Closed Gen- 
tian by Bumblebees,’ by R. J. Webb. 


Popular Astronomy for June opens with an 
article on ‘Scales of Seeing,’ by Mr. A. E. Doug- 
lass, of the Lowell Observatory, in which he 
discusses a standard scale which he hopes will 
be generally adopted and used for comparison. 
There are articles by Dr. Herman 8S. Davis on 
women astronomers and Orrin C. Harmon on 
the astronomy of Shakespeare, and short arti- 
cles by Messrs. E. J. Wilezyuski, J. A. Park- 
hurst and the editors, Professor W. W. Payne 
and Mr. H. C. Wilson. 


A NEW journal of interest to students of agri- 
cultural science, entitled Revue des Hybrides 
Franco-Americains, has been published since 
January of this year by M. P. Gouy, Vals 
prés Aubenas. 


SOCIETIES AND ACaDEMIES. 
PHILOSOPHICAL SOCIETY OF WASHINGTON, 


THE 486th meeting of the Philosophical So- 
ciety was held at 8 p, m., May 28th, at the 
Cosmos Club. Two biographical sketches were . 
read before the regular exercises for the even- 
ing. The first was of Mr. C. H. Kimmel by 
Mr. Marcus Baker, the second of Mr. Orlando 
M. Poe by Mr. O. H. Tittmann. The first sci- 
entific paper was by Mr. Louis A. Fischer, who 
described and illustrated in a general way the 
methods for comparing ‘line’ with ‘end’ stand- 
ards. He also described in detail a special 
method for comparing such standards depend- 
ing upon small auxiliary abutting pieces, the 
principal features of which are that they are 
very light and that the lines ruled upon them 
are so close to abutting surfaces (about 0.8 mm.) 
that the distance between the lines when the 
pieces are in contact with one another may be 
measured with the micrometer screw of any or- 
dinary micréscope. He called attention to the 
fact that certain systematic errors amounting to 
one part in 300,000 were discovered in the 
lengths of bars determined by the Fizean, or re- 
flection, method at the International Bureau of 
Weights and Measures. This method was used 
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to determine the relation of the present Interna- 
tional Metre to the old metre of the archives ; 
and, therefore, the assumption heretofore made 
that these two bars are identical in length can 
no longer be accepted. 

The second paper was by Mr. A. Lindenkohl, 
the substance of which was as follows: Recent 
hydrographic surveys off Montauk Point and off 
the southern coast of the New England States 
furnish more exact information concerning the 
submerged terminal moraines of those regions 
than preceding ones. The shoal ground which, 
in the shape of a horseshoe, stretches from 
Martha’s Vineyard to Block Island, is believed 
to be of glacial origin, and shows that the 
moraine was laid down on a very uneven floor, 
and that here the ice sheet pushed out into the 
sea to a greater distance and depth than else- 
where in the vicinity. A ‘drowned’ river 
channel breaking through this shoal ground in- 
dicates a subsidence of about 150 feet. The 
shoal ground between Block Island and Long 
Island has several dangerous rocky heads; 
their existence was not suspected until, in 1862, 
the steamship ‘Great Eastern’ struck on one of 
them, since called ‘Great Eastern Rock.’ About 
half way between the two islands we meet an- 
other sunken river channel, giving evidence of 
a subsidence of about 130 feet. The moraine 
which is represented by Cape Cod and the 
Elizabeth Islands does not appear to terminate 
at Cuttyhunk, but to extend farther to. the 
southwest, including Brown's shoal, and to con- 
nect with the one on the mainland by succes- 
sive steps, forming barriers across the entrance 
of Buzzard’s Bay, which are pierced by a chan- 
nel 120 feet deep. This channel points to a 
sinking of the land of about 80 feet. The sub- 
sidence of 150 feet furnishes an estimate of the 
highest level attained by the land since the 
glacial period, and those of 130 and 80 feet, re- 
spectively, to indicate transitory levels during 
a period of gradual subsidence. 

E. D. PRESTON, 
Secretary. 


ACADEMY OF NATURAL SCIENCES OF PHILA- 
DELPHIA. 

May 24. Mr. CHARLES Morris, under the 

auspices of the Anthropological Section, read a 
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paper on the antiquity of man from the s 
point of evolution. 

The carnivorous tendencies of certain m 
keys were considered by Messrs. Dixon 
Morris. E 

May 31. Proressor H. A. PitsBry exhib 
ited a fine collection of mollusca from South 
Australia, presented to the Academy by Mi, 
Bednall, of Adelaide. They nearly complete 
the Academy’s collection of shells from 
region. The mollusca, and probably the o 
invertebrates of South Australia, are not at 
archaic, and do not represent the fauna of aa 
earlier geological period as do the higher ord 

Proressor B. SHARP called attention to 
specimen of Jbacus Peronii from South At 
tralia, other examples of the same decap 
being from China, thus illustrating an import 
extension of geographical range. The seca 
antennez, the auditory function of which 
dwelt on, are curiously flattened and extend 
laterally, instead of being lengthened, as i 
usually the case. The strong spines of 
species resemble those of Palinurus and 
probably of similar protective value. A species 
of Pseudosquilla in the collection from the sai 
region is common to the tropical Pacific. 

A paper entitled ‘ Botanical Observations 
Mexican Flora, especially on the Flora of the 
Valley of Mexico,’ by J. W. Harshberger, M.D, 
was presented for publication. 

Epw. J. NOLAN, 
Recording Secretary. 


NEW BOOKS. 
L’ Année philosophique, publiée sous la directi 


de F. Prion. Paris, Alcan. 1898. Pp. é 
Introduction to Algebra for the use of Seco 
Schools and Technical Colleges. G. CHRYSTAL 
London, Adam and Charles Black; New Yo 
The Macmillan Company. 1898. Pp. 
+412+xxy. $1.25. 
La fatigue intellectuelle. A Binet et V. HE 
Paris, Schleicher Fréres. 1898. Pp. 338. 
Industrial Electricity. Translated and adap 
from the French of HENRY DE GRAFFIG 
by A. G. Extiorr, B.Sc. London, Whit 
& Co.; New York, The Macmillan Com 
pany. 1898. Pp. 152. 75 cents. 
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